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Abstract 
Remanufacturing is an efficient resource circulation method that restores the used products to the original performance through a series of 
processes. There have been no international common quality standards of remanufactured products in spite of many industrial sectors’ 
remanufacturing being done so far. Korea has been operating a quality certification system of the remanufactured product to ensure the quality 
of products and to gain reliability of consumers. Meanwhile, many advanced remanufacturing countries have operated their own assurance 
systems considering their circumstance. This study describes comparative analysis of major countries' quality management/certification system. 
Especially leading cases of Korea and China are presented. Cross-national cooperation ideas are also suggested in this field. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Remanufacturing is a resource circulation method with 
excellent environmental and economic effects in that used 
products can be restored through a series of processes to 
exhibit their original performance and be supplied in the 
market at lower prices. Since remanufactured products 
guarantee equivalent or similar quality and assurance as new 
products, strict quality management in the remanufacturing 
process is required in order to minimize damages on 
consumers and secure reliability [1, 2]. For the past decades, 
the remanufacturing industry has globally grown in various 
industrial areas such as automobile, electrical and electronic, 
aircraft, and industrial machine. Especially, remanufacturing 
of automotive parts is most active [3]. However, there have 
been no common cross-national standard about the quality 
certification for remanufactured products. It is necessary for 
different nations to cooperate and prepare the quality standard 
for remanufactured products, which can promote international 
trade of remanufactured products. 
The purpose of this study is to examine the current status 
and policy of each nation on remanufacturing industry and to 
compare quality certification systems, standards, and quality 
assurance activities. It also aims to present a method of cross-
national cooperation on quality control for remanufactured 
products. 
2. National status and policy on remanufacturing industry 
2.1. Korea 
Korea is the world's first nation to enact a national 
guideline for quality certification of remanufactured products 
intended to enhance quality competitiveness and secure 
customer reliability of remanufactured products, and the 
Korean government is promoting a policy to extend quality 
certification of remanufactured products [4, 5]. Legal grounds 
for the growth of the remanufacturing industry were prepared 
in 2005, and the remanufacturing industry is being actively 
fostered with the activation strategy for the remanufacturing 
industry (2011) and the boom-up strategy for the 
remanufacturing industry (2013). 
Size of the remanufacturing market in Korea is about 750 
billion Korean won and is gradually growing. Primary 
industrial areas include automotive parts, toner cartridge, and 
chemical catalyst. However, 99% of all remanufacturers are 
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small and medium-sized businesses with less than 50 
employees, and this market is smaller than leading nations of 
remanufacturing such as the United States and Europe [4]. 
Also, remanufacturers have low level of technology and 
insufficient production management, having difficulty in 
securing consumer awareness and reliability of 
remanufactured products. In order to resolve such problems, 
the Korean government is promoting an activation strategy to 
secure reliability of consumers, reinforce competitiveness of 
the remanufacturing industry, and expand the remanufacturing 
market [4]. National quality certification system has been 
implemented on automotive parts and electrical and electronic 
parts to increase reliability of products, and the scope of 
quality certification is gradually being extended [5]. 
Research institutes, universities, and private associations 
are actively working as institutions related to remanufacturing, 
and the Center for Resources Information and Management of 
Korea Institute of Industrial Technology was designated by 
the government as a professional research agency in charge of 
technical development, company support and providing 
industrial information in the related fields such as 
remanufacturing and resource circulation [6]. Korea 
Automotive Technology Institute develops remanufacturing 
certification system for automotive parts and conducts 
research on sustainable development models. 
2.2. China 
China is emerging as a big remanufacturing market by 
promoting a polity to grow the remanufacturing industry for 
reduction of industrial wastes. The Chinese government 
officially supported remanufacturing efforts through 'Opinions 
on Accelerating the Development of Circular Economy' 
presented by the State Council in 2005. In 2001, General 
Armaments Department established 'National Key Laboratory 
for Remanufacturing Technology' for the development of core 
remanufacturing technologies [7]. In 2009, Chinese Academy 
of Sciences established the science technology roadmap for 
18 core areas including energy, human health, maritime, 
information, and public safety and selected disassembly, 
recycling and remanufacturing technologies for electronic 
products and automobiles as important innovative 
technologies [8]. In addition, Circular Economy Promotion 
Law of the People's Republic of China was enacted in 2008 as 
a legal basis for growth of the remanufacturing industry to 
specify the roles of the nation in vitalization of the 
remanufacturing industry, quality standards for 
remanufactured products, and labeling and joint penal 
provision for remanufactured products [9]. The 12th 5-year 
Plan (2011~2015) was prepared to excavate remanufacturers 
and construct a standard system for remanufactured products. 
Along with such efforts, the Chinese government facilitates 
the development of the remanufacturing industry by granting 
economic benefits, establishing monitoring and management 
systems, nurturing experts, and reinforcing public relations 
[10]. 
2.3. Japan 
The remanufacturing industry of Japan has been driven by 
the private sector, and there is lack of laws and policies 
related to remanufacturing enacted by the Japanese 
government [11]. Size of the automotive repair parts market 
was 238 billion Japanese yen as of 2012, consisting of 129 
billion yen for reuse parts and 109 billion yen for recycle parts 
[4]. Primary industrial areas of this relatively small market are 
automotive parts, cartridge, and photocopier. 
Remanufacturing and 3Rs (reduction, reuse and recycling) 
efforts of Japan started in earnest as waste treatment expenses 
were increased by environmental policy of the Japanese 
government. Such efforts were further encouraged as a means 
to improve welfare and stimulate economic activities [12]. 
The environmental policy of Japan is based on Basic Law for 
Environmental Pollution Control and Nature Conservation 
Law enacted in 1967 and 1972. These laws were followed by 
Basic Environment Law (1993), Basic Environment Plan 
(1994), and Basic Act for Establishing a Sound Material-
Cycle Society (2000). Proper cyclical use of products was 
facilitated through remanufacturing, reuse, and recycling. On 
the one hand, the Home Appliance Recycling Law (2001) and 
the End-of-Life Vehicles Recycling Law (2001) mitigated the 
lack of landfill sites by recycling materials, but it is still 
difficult for OEMs (original equipment manufacturers) to 
advance into the remanufacturing industry. 
2.4. EU 
The remanufacturing industry of Europe is most active in 
Germany and UK. There are diverse fields of remanufacturing 
such as aerospace, automobile, ink cartridges, toner cartridges, 
and machines. Overall market size of Europe has not been 
officially aggregated, but size of the remanufacturing market 
in UK is known to be about £2.4 billion [13]. 
The European Commission made contribution to growth of 
the European remanufacturing market through EC Directives. 
End-of Life Vehicles (ELV) facilitated use of remanufactured 
automotive parts, and Waste Electrical and Electronic 
Equipment (WEEE) facilitated reuse of waste home 
appliances. Also, Block Exemption Regulation (BER) is 
operated to increase participation of OEMs, which induces 
fair competition among OEMs and remanufacturers [3]. 
Institutions related to remanufacturing include CRR 
(Centre for Remanufacturing & Reuse) in UK that provides 
public research and technical information services, Bayreuth 
University in Germany, Linkoping University in Sweden, and 
Delft University of Technology in the Netherlands, but there 
are lack of joint effort of EU on facilitation of the 
remanufacturing industry. 
2.5. USA 
The United States is the nation with the most developed 
remanufacturing industry in the world, and its 
remanufacturing industry was formed by spontaneous market 
demand (business oriented). The Federal Trade Commission 
officially permitted remanufacturers to label their products as 
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'remanufactured in the USA' in 1998, and OEMs are actively 
participating in the remanufacturing industry to make great 
contributions to quality assurance of products and formation 
of reliability in consumers. In addition, the federal and state 
governments have enacted and are enforcing various laws and 
systems to facilitate consumption of remanufactured products. 
About 20 states including New York are encouraging the 
remanufacturing industry through laws on public procurement 
and tax benefit of remanufactured products. 
USITC (United States International Trade Commission) 
collects and provides data related to remanufacturing status 
and foreign trade data in the United States. It classifies the 
remanufacturing industry into 12 areas such as aerospace, 
consumer goods, electronic, heavy equipment, IT product, 
train, machinery, medical device, automotive parts, office 
furniture, restaurant device, and retreaded tire [14]. 
Institutions related to remanufacturing are private 
universities, research institutes and associations such as the 
Center for Remanufacturing and Resource Recovery of R.I.T., 
APRA (Automotive Parts Remanufacturers Association), 
PERA (Production Engine Remanufacturers Association), and 
RIC (Remanufacturing Industries Council) [15]. 
3. National quality certification systems and quality 
assurance activities for remanufactured products 
3.1. Korea 
The Korean government prepared legal grounds for growth 
of the remanufacturing industry in 2005 and has been 
promoting the remanufacturing quality certification system as 
the primary policy. The 'Act on the Promotion of the 
Conversion into Environmental-friendly Industrial Structure' 
was enacted to reinforce quality and technical competitiveness 
of environmental facilities and remanufactured products, 
supporting quality certification and research and development 
efforts [16]. Quality certification of remanufactured products 
can improve reliability of consumers by producing excellent 
remanufactured products, increasing their quality 
competitiveness, and supplying high quality remanufactured 
products at low prices. New jobs can be created by attracting 
new investment on remanufacturers. 
The Korean Agency for Technology and Standards 
establishes national standards and operates the quality 
certification system for remanufactured products [5], 17 items 
shown in Table 1 are subject to announcement of KS (Korean 
Industrial Standards) for remanufacturing. In terms of 
remanufacturing area, 13 items are automotive parts and 4 
items are electrical and electronic products/ parts. The system 
will be expanded to over 30 products including electrical and 
electronic products, household supplies, and machineries in 
the future.   
 
Table 1. KS notification list of remanufactured products in Korea 
Items KS notification list 
automotive parts 
alternator, starting motor, constant velocity joints, air 
conditioning compressors, clutch cover, turbo charger, 
diesel injectors, lower control arms, brake calipers, shock 
absorbers, automatic transmission, mechanical fuel 
injection pump, common rail fuel pumps 
electrical & 
electronic products/ 
parts 
solenoid valves for water purifiers, stepping motor for 
water purifiers, particle sensors for air cleaners, BLDC-
motor for air cleaners 
Sum 17 units 
 
As illustrated in Figure 1, the procedure for quality 
certification of remanufactured products involves product 
examination, factory examination, evaluation of quality 
certification, and issuance of quality certificate [17]. 
 
Application 
ി 
1st certification 
evaluation 
(product and 
factory 
inspection) 
ി 
2nd certification 
evaluation 
(comprehensive 
review) ി 
Issuance a quality 
certificate, 
Announcement, 
Follow-up 
management 
KATS Evaluation Committee 
Review 
Committee KATS 
͛͑΅ΙΖ͑΢ΦΒΝΚΥΪ͑ΔΖΣΥΚΗΚΔΒΥΚΠΟ͑ΚΤ͑ΧΒΝΚΕ͑ΗΠΣ͑Β͑ΡΖΣΚΠΕ͑ΠΗ͑ΥΙΣΖΖ͑ΪΖΒΣΤ͑͟ͺΟ͑
ΠΣΕΖΣ͑ΥΠ͑ΖΩΥΖΟΕ͑ΗΠΣ͑ΥΙΖ͑΢ΦΒΝΚΥΪ͑ΔΖΣΥΚΗΚΔΒΥΚΠΟ͑͝ΒΡΡΝΪ͑ΗΠΣ͑Β͑΢ΦΒΝΚΥΪ͑
ΔΖΣΥΚΗΚΔΒΥΚΠΟ͑ΓΖΗΠΣΖ͑ͧΞΠΟΥΙΤ͑ΠΗ͑ΥΙΖ͑ΖΩΡΚΣΒΥΚΠΟ͑ΕΒΥΖ͑ΒΟΕ͑ΣΖΡΖΒΥ͑
ΥΙΖ͑ΤΒΞΖ͑ΡΣΠΔΖΕΦΣΖ͟ 
Fig. 1 Quality certification procedure for remanufactured products in Korea 
3.2. China 
China has adopted resource preservation and 
environmental protection as the basic policies and is actively 
engaged with activities to conserve energy and reduce waste 
emissions. However, it is necessary to establish a virtuous 
cycle system through shift of paradigm because there are 
limits to the traditional mass production and consumption 
policies. The Chinese Ministry of Industry and Information 
Technology (MIIT) enacted the implementation guidance on 
the measurement and verification for remanufactured products 
based on Circular Economy Promotion Law to facilitate the 
development of the remanufacturing industry in 2010. This 
guidance is currently operated in the fields of general machine, 
special machine & equipment, and automotive parts [9]. As 
for the product certification procedure, the Ministry of 
Industry and Information Technology announces the test 
result after conducting initial examination and evaluation. The 
characteristic of the remanufacturing quality certification 
system of China is that individual companies voluntarily 
apply for quality certification instead of designating specific 
items subject to certification [18]. 
 
Application ി Primary review ി 
Certification 
evaluation ി Announcement 
Local MIIT Local MIIT Certification Institute Central MIIT 
͛͑΅ΙΖΣΖ͑ΚΤ͑ΟΠ͑ΡΖΣΚΠΕ͑ΠΗ͑ΧΒΝΚΕΚΥΪ͑ΠΟ͑ΥΙΖ͑΢ΦΒΝΚΥΪ͑ΔΖΣΥΚΗΚΔΒΥΚΠΟ͑͟
Fig. 2 Quality certification procedure for remanufactured products in China 
3.3. Japan 
The Japan Automotive Parts Recyclers Association 
announced the quality review standard for automotive parts in 
2011 and has been issued quality assurance label for products 
[19]. The Nippon Good Parts Group is operating its own 
quality test and extends assurance system for rebuilt parts [20]. 
The Association of Japan Cartridge Remanufacturers also 
established environmental and quality standards for recycle 
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products in 2011 in order to provide high quality recycle 
cartridge. Eco & Quality Mark can be acquired by passing 28 
environmental management criteria and 10 quality 
management criteria [21]. 
The Japanese Ministry of Land, Infrastructure, Transport 
and Tourism provided a guideline for quality assurance of 
automotive recycle parts to facilitate use of recycled 
automotive parts [22], and the Japanese Ministry of Economy, 
Trade and Industry has operated a study group on standards 
development of recycling parts for automobile repairs that 
provides information about automobile users, secures safety, 
prevents infringement of intellectual property rights, and 
offers reliable information [23]. In particular, standards of the 
reuse parts and rebuilt parts for automobile repairs are 
expected to secure reliability and expand the market of reuse 
parts and rebuilt parts. 
3.4. EU 
Many remanufacturers of Europe make great efforts to 
obtain the quality certification from ISO (International 
Organization for Standardization) [2]. Automotive parts 
remanufacturers apply the same standards as quality and 
business management systems of automobile manufacturers to 
secure safety and reliability of products. 
BSI (British Standard Institution) enacted BS 8887-
220:2010 (Design for manufacture, assembly, disassembly 
and end-of-life processing (MADE). The process of 
remanufacture. Specification) as a standard for the 
remanufacturing procedure to be followed by remanufacturers 
[24], and certification of aerospace and medical device in UK 
is performed by external agencies as in the United States. For 
example in the aerospace industry, only the companies 
approved or certified by EASA (European Aviation Safety 
Agency) can perform remanufacturing of aircraft parts in EU 
[14]. Also, Germany has implemented a certification system 
based on ISO 9000/9001, ISO/TS 16949:2002 (Quality 
management system for the automotive industry) and the 
VDA 6.1 standard established by the German Association of 
the Automotive Industry (VDA) for automotive parts, and this 
system obliges a minimum quality assurance period of 1 year 
for remanufactured products pursuant to Consumer Protection 
Law [4]. Members of cartridge remanufacturers in the 
Netherlands apply internationally recognized standards and 
testing methods to produce high quality remanufactured 
products, and many of them obtain ISO certification [25]. 
3.5. USA 
In the United States, quality inspection and assurance of 
remanufactured products are autonomously performed by 
companies. Especially, large OEMs such as Ford, Caterpillar, 
GE, IBM, and CISCO implement the same level of quality 
certification test as ordinary products and provide quality 
assurance service after sales. Remanufactured products in 
special industrial groups undergo the same level of quality 
control as ordinary products. For instance, aircraft are restored 
to conditions of new products through MRO (Maintenance, 
Repair & Overhaul) and certified by FAA (Federal Aviation 
Administration). MRO activities for aircraft are regarded as 
identical to remanufacturing [14]. 
4. Discussion 
The remanufacturing industry is commonly regarded as an 
essential industry around the world. Remanufacturing 
provides many benefits in terms of environmental and 
economic [26]. It not only requires vitalization of individual 
markets in each nation but also demands cross-national 
cooperation. Governments and private entities need to 
actively exchange policies, technologies and experiences with 
counter partners, and international remanufacturing standards 
are required to be prepared to increase quality reliability of 
remanufactured products. Furthermore, nations directly 
involved with remanufacturing trade are required to discuss 
the scope of remanufactured products, mutual quality 
certification, and issues related to importation and exportation. 
The following cross-national exchange and cooperation are 
suggested for increased reliability of remanufactured products. 
First, an expert committee on standardization of 
remanufactured products, quality management, technologies, 
and information can be organized in connection with 
international organizations for academic exchanges like 
GCSM (Global Conference on Sustainable Manufacturing). 
Experts can share regular exchanges to propose cooperation 
methods of their respective nations, speculation of issues, and 
promote standardization of remanufacturing. 
Second, since ISO (International Organization for 
Standardization) is a non-governmental organization in which 
163 nations participate and most nations including Korea are 
members of ISO, existing international standards could be 
utilized [27]. Remanufacturers will be able to perform 
environmental management while providing reliable products 
and services to consumers based the standards on quality 
management system (ISO9001) and the environmental 
management system (ISO14001). Acquisition of ISO 
certification for products will be the first step towards 
standardized quality management in each nation. 
Third, public procurement may be the way to improve the 
quality of remanufactured products. The Public Procurement 
Service of Korea is operating Excellent Product system for 
products with excellent technology and quality, and its public 
procurement policy accounts for industrial conditions of 
different nations. If remanufactured products that obtain a 
quality certification and provide appropriate quality assurance 
are becoming an object of public procurement, 
remanufacturers will reinforce their efforts to increase quality 
and bring greater benefits to consumers. This method requires 
a mid and long-term cooperation among nations, but nations 
can mutually allow import and export of remanufactured 
products which participate in public procurement.  
Numerous case studies and repeated experimental studies 
are required in order to make the standards and quality 
certification systems. The quality management of 
remanufactured products is the fundamental item. There are 
thus many related areas for research and development. We 
have been conducting the projects to make the national quality 
certification systems of remanufactured products.  
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5. Conclusions 
Summary of the various remanufacturing system by 
country was shown in Table 2. The Korean and Chinese 
governments are promoting national strategies for the 
remanufacturing industry and progressively expanding their 
markets through establishment of national quality certification 
standards. Japan provides quality assurance of remanufactured 
products with related associations and has begun to discuss 
standards development of the reuse parts and the rebuilt parts 
for automobile repairs. The federal and state governments of 
United States are promoting various laws and systems to 
encourage the remanufacturing industry. Especially, USITC 
(United States International Trade Commission) offers active 
support by providing information related to the 
remanufacturing industry [9]. On the other hand, Europe has 
recently organized the European Remanufacturing Network 
for the remanufacturing industry and remanufacturers to 
promote joint projects. 
Remanufacturers need an organized system for supply of 
core materials, production, quality management, and sales. 
Quality assurance in production and distribution stages is very 
important. Remanufacturers of Korea can make use of 
national standard and quality certification system, but the 
scope of remanufacturing quality certification is currently 
mostly limited to automotive parts and electrical and 
electronic products/parts. 
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 Table 2. Summary of the various remanufacturing system by country 
Country Main Agent Certification System Law System 
Specialized 
Organization 
Korea Public 
·Quality certification notification for 
remanufactured products 
·the Act on the promotion of the conversion into 
Environmental-friendly Industrial structure 
·KITECH 
·KATECH 
China Public 
·The implementation guidance on the 
measurement and verification for 
remanufactured products 
·Circular Economy Promotion Law 
·CAS 
·NKLRT 
Japan Private 
·Environmental standards and quality standards 
of the cartridge recycling products 
·Home Appliance Recycling Law 
·End-of-Life Vehicles Recycling Law 
·JAPRA 
·AJCR 
EU Private ·Vendor Self Qualification 
·ELV(End-of life Vehicles) 
·BER(Block Exemption Regulation) 
·CRR 
·Bayreuth Univ. 
USA Private ·Vendor Self Qualification 
·State laws for public procurement for 
remanufactured product, tax benefit etc. 
·RIT 
·APRA 
 
